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Automatic vehicle location GPS based system 

Eugen POP, PhD  

Rezumat. Sistemele automate pentru determinarea 

poziției vehiculelor reprezintă un instrument foarte 

util pentru gestionarea parcului auto. Operatorii de 

transport terestru sau maritim au posibilitatea de a 

cunoaște (determina) locația vehicului transpor-

tator. Un sistem automat pentru determinarea 

poziției vehiculelor, în general, constă dintr-un dis-

pecer (transport controler), care este conectat 

printr-un sistem de comunicații de voce și date cu 

terminalele mobile instalate pe vehicule. Termina-

lele mobile trimit datele privind poziția lor către 

dispecerat unde pozițiile vehiculelor sunt afișate pe 

un sistem informațional geografic (GIS), folosind o 

hartă digitală.   

Cuvinte cheie: localizarea automata a vehiculelor, 

comunicaţii wireless, GIS, terminal mobil. 

 Abstract. Automatic Vehicle Location systems are 

a very usefull tool for vehicle fleet management. 

The transport or shipping operators have the pos-

sibility to know (determine) their vehicle location. 

An Automatic Vehicle Location system generally 

consists of a dispatcher (transport controller) which 

achieves voice and data communications with 

mobile terminals installed on vehicles. The mobile 

terminals send their position data to the dispat-

cher. At the dispatcher, the vehicles position are 

displayed on a Geographical Information System 

(GIS) map. Using this informations, the transport 

operators can also offer location based services to 

their clients. 

Keywords: Automatic Vehicle Location, wireless 

communications, GIS, mobile terminal. 

 

1. INTRODUCTION 

A GPS1 (Global Positioning System) receiver is 

an important device of a mobile terminal, mounted 

on vehicles. Based on the signals received from the 

GPS satellites, it computes the instant position of the 

corresponding mobile terminal. Thus the vehicle 

geographical coordinates are esatblished and can 

be sent to the dispatcher. The position acquiring and 

data transmission to the dispatcher are both 

controlled by a suitable software. In this paper we 

present hardware and software solutions, that were 

put into practice to realize a GPS module. 
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2. HARDWARE ARCHITECTURE  

OF THE GPS MODULE 

2.1. The GPS receiver 

The GPS module, consists mainly of a GPS 

receiver, a microcontroller and the program and 

data memory circuits. The block scheme of the GPS 

module is presented in the Figure 1. The GPS 

receiver is a Motorola M12 Oncore circuit, which 

tracks the Navstar GPS constellation of satellites. 

The satellites signals, have a frequency of 1575,42 

MHz, and 1,023 MH in bandwith. They are received 

by an active antenna and tracked with 12 parallel 

coded channels, then downconverted to an IF fre-
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quency and digitaly processed to obtain a full 

navigation solution of position, velocity, time and 

heading. The solution is sent over the serial link via 

a 10 pin connector.  

 

 
 

Fig. 1.   The block scheme of the GPS module. 

 

The position accuracy is less than 5 m, in 

differential mode of operation, and the velocity 

accuracy is 0,02 m/s. The GPS receiver can be 

programmed using Motorola binary commands or 

NMEA 0183 Format commands 

Some technical parameters of the Motorola 

Oncore GPS receiver are presented in the following.  

The bytes of the GPS receiver selected com-

mand are transmitted to the RxG circuit input. If the 

user wants to get the GPS receiver geographical 

coordinates must send the CmdPos 3 command to 

the device. This means that the coordinates data 

will be available at the TxG output once at three 

seconds. The bias tension is applied at the 3 and 

9 pins number of  the GPS receiver. The Pulse per 

Second impulse sequence at the output pin 4, can 

be used for synchronization purposes. 

Motorola M12 GPS Oncore receiver offers a 

large commands set which are available for the user 

to obtain a great amount of informations. As it was 

stated before, the GPS receiver was prorgammed to 

transmit one position response message, once at 

three seconds. In Motorola binary format, the com-

mand consists of eight bytes, including the checksum 

byte: CmdPos 3: @@Hb 03h 29h Cr Lf. 

The device response message consists of 54 bytes 

and contains, mainly, the following informations: 

– the header bytes which identifies the response 

message type-in our case we are interested about 

the position message; 

– the current date and time, which means the 

year, month and day and respectively the hour, 

minutes, seconds and miliseconds. 

2.2. The 80C552 Microcontroller 

80C552 it is a single-chip high performance 8 bit, 

ROM-less microcontroller, manufactured in an 

advanced CMOS technology. Some of the circuit’s 

resources are: 

– a volatile 256x 8 read/write data memory; 
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– five 8-bit Input/Output ports, one 8 bit input port; 

– a 16-bit timer/event counters; 

– a fifteen-source two priority-level interrupt struc-

ture; 

– a „watchdog” timer; 

– one full duplex serial port; 

– an „on chip” oscilators and timing circuits; 

– 64K bytes address space for external data me-

mory; 

– 64K bytes address space for external program 

memory. 

The port P0 is the multiplexed low-order address 

and data bus AD0-AD7 during accesses to external 

program and data memory.   The MM74HCT373WM 

latch is used to separate the low order address and 

the data bus. The P2 outputs the high order address 

for external memory A08-A15. The CPU timing is 

provided by a quartz oscillator of 11,059  MHz. 

2.3. Memory Unit  

Static RAM 6264 ADC. The circuit is a high-

perfomance CMOS static RAM organized as 8192 

octets. Easy memory expansion is provided by an 

active LOW chip enable (CE1), an active high (CE2), 

and an active LOW output enable (OE) and three-

state drivers. The circuit has TTL compatible inputs 

and outputs. There are also noticeable: 

– maximum access time: 70 ns; 

– maximum operating current: 100 mA; 

– maximum standby current: 20 mA. 
 

27C256 CMOS EPROM  

This circuit Microchip Technology Inc. is a 256 K bit 

Electrically Programmable Read Only Memory 

(EPROM). The device is organized as 32K bytes. 

CMOS design and processing enables this chip to be 

used in systems where reduced power consumption 

and reliability are the requirements. The circuit offers 

high speed and low consumption parameters: 

– access time available: 90ns; 

– active current: 20ms; 

– standby current: 100A  
 

74HCT373 D-type Latch. The 74HCT373 is an 

octal D-type transparent latch featuring separate  

D-type inputs for each latch and 3-state outputs for 

bus oriented applications. A latch enable (LE) input 

and an output enable (OE) input are common for this 

type of latches.   

The circuit is a high-speed Si-gate CMOS device 

and are pin compatible with low power Schottky TTL. 

3. SOFTWARE ALGORYTHM OF THE GPS 

MODULE 

The software diagram is presented in the figure 2.  

The microcontroller transmits the command bytes 

to the GPS receiver through the serial input-output 

interface port, SIO. 

This interface is implemented by the port P3. 

From the hardware point of view the serial interface 

is the alternate function of the device’s port P3. The 

microcontroller’s serial interface is programmed to 

operate in full duplex mode, 9600 baud per second, 

asynchronous data transfer. 10 bits are transmitted 

on the TxD output pin and also 10 bits are received 

at the RxD input pin of the 82C552 circuit. These 

bits consists of one start bit, 8 data bits and one stop 

bits. LSB is the first transmitted or received data bit.   
 

The TxGps and RxGps flags gives us informa-

tions about the data transfer direction, between the 

microcontroller and the GPS receiver. During a 

command transmission to the Motorola GPS receiver, 

the TxGps flag is in logical 0 value. After the entire 

command bytes transmission, the TxGps flag switches 

to the logical value 1. Also, during the response 

message reception, the RxGps flag has the logical 

value 0. When the RxGps flag value becomes a 

logical 1, it signifies that the last message byte was 

received from the GPS device.  
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Fig. 2. The software diagram of the GPS module. 

 

In the Motorola binary format, the CmdPos 3 

command consists, as it was pointed out before, of 

8 bytes. These bytes are stored in the buff_tx_gps 

buffer. They are transmitted, one by one, to the GPS 

receiver. From the response message, 30 bytes are 

preserved and they are loaded in a buffer named 

buff_rx_gps. So in this buffer the programmer finfs 

informations regarding: 

– the current data of the GPS message; 

– the current moment of time expressed at a 

precision of miliseconds; 

– the latitude and longitude of the GPS host mobile, 

expressed at a precision of degree miliseconds 

– the mobile velocity expressed in cm/s; 

– the mobile height expressed in cm. 
 

From buff_tx_gps the first byte of the CmdPos 3 

command is transmitted to the GPS receiver, by 

loading it in the serial microcontroller buffer Sobuf. 

After transmission of this first byte, an interrupt is 

generated by the microcontroller serial port. The 

interrupt serving consists of some operations that 

are presented in the following paragraph. 
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As usually, the microcontroller context it is saved 

in the stack: acumulator, PSW and the register 

contain. The following command byte is loaded in 

the serial buffer sObuff, to be transmitted. The 

microcontroller context is restored. These operations 

are repeated exactly until all 8 bytes of commands 

are transmitted.  

A test of the TxGps flag value follows. If there are 

still command bytes to be transmitted, the next 

interrupt will be of transmission type. The serial port 

points this out by the logical value one of the Ti pin 

(P3.x). If the command string transmission is finished, 

the GPS receiver response message is expected, so 

a reception interrupt will be generated by the serial 

port SIO. The reception interrupt will be signaled by a 

logical value one of the Ri microcontroller pin (P3.x).  
 

The first operation for serving a reception 

interrupt is, as ussualy, saving the microcontroller’s 

context into the stack. Then the programme verifies 

if the GPS response header identifies a position 

message, which is expected. If a position  message 

header is not recognized, the register context is 

pushed out from the stack, the software returns from 

the interrupt and generates an error message. 
 

Otherwise, if a position message header was 

identified, the current received byte is loaded in the 

suitable buffer, buff_rx_gps, and the return from 

interrupt follows. While the RxGps flag value equals 

to zero, it means that there are still position 

message bytes to be received from GPS device. 

Consequently, a new byte reception interrupt will 

be generated. When RxGps flag switches to the logic 

value one, it means that the whole position message 

is now available in buff_rx_gps. Adeqvate to the 

command transmitted to the GPS device, CmdPos 

3, after 3 seconds another position message will be 

stored in buff_rx_gps. 

The microcontroller software was emulated first 

using an EVA-EMA development system. 

4. CONCLUSIONS 

In this paper the hardware architercure and a 

software diagram for a micro-programmed GPS 

module was presented. Such an equipment is usefull 

for AVL-GIS systems. The GPS module strucure can 

be developed and extended by attaching a display 

and a communications interface. So the mobile 

position can be displayed at the vehicle board. The 

communications interface makes possible the 

vehicle position transmission to a dispatcher, using a 

mobile radio channel.  
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